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Objective: To explore factors that could explain why 
older adults are more at risk at the roadside.
Background: The physical and psychological health 
benefits of walking have been well- established, leading to 
the widespread promotion of walking amongst older adults. 
However, walking can result in an increased risk of injury as 
a pedestrian at the roadside, which is a greater risk for older 
adults who are overrepresented in pedestrian casualty figures.
Method: Relevant databases were searched up to 
January 2020. All peer- reviewed journals that presented data 
on healthy older adults and some aspect of road crossing or 
roadside behavior were included. A total of 142 papers were 
assessed and 60 met the inclusion criteria.
Results: Identified papers could be grouped into three 
areas: crossing at a designated crossing place; crossing with no 
designated crossing place; perceptions or behaviors.
Conclusion: Multiple individual (attitudes, perceived 
behavioral control, walking time, time- to- arrival judgments, 
waiting endurance, cognitive ability), task (vehicle size, vehicle 
speed, traffic volume), and environmental (road layout, time 
of day, weather) constraints influence road crossing in older 
adulthood.
Application: Accessibility of designated crossing areas 
needs to be addressed by ensuring sufficient time to cross 
and nonrestrictive waiting times. Signalized crossings need 
to be simplified and visibility increased. Where there is no 
designated crossing place, a reduction in speed limit alongside 
the provision of pedestrian islands to provide “pause” places 
are needed. Educational- based programs may also help ensure 
safety of older adults where there is no designated crossing 
place.
Keywords: older adults, pedestrians, roadside, road 
crossing, street crossing
INTRODUCTION
Walking is a sustainable mode of transpor-
tation that can serve many purposes including 
exercise, recreation, travel, companionship, 
relaxation, restoration, and enhancing emo-
tional well- being (Barton et al., 2009). In older 
adults, walking has also been shown to reduce 
the risk of coronary heart disease in men (Hakim 
et al., 1999) and is associated with reductions in 
the incidence of cardiovascular events among 
postmenopausal women (Manson et al., 2002). 
Given these benefits, it is unsurprising that inter-
ventions that promote walking amongst older 
adults have become widely adopted world-
wide (Franks et al., 2018; Kubota et al., 2020). 
However, with walking comes an increased risk 
of injury as a pedestrian at the roadside (Kim & 
Ulfarsson, 2019). Across the globe, up to 40% 
of preventable road traffic deaths are accounted 
for by pedestrians, with higher numbers more 
apparent in developing countries (World Health 
Organisation, 2020). Furthermore, older adults 
are overrepresented in pedestrian accident sta-
tistics; for example, in Great Britain in 2018, 
23% of the pedestrians injured or killed were 
over 65 years of age (Department for Transport, 
2018), while this age group only accounted for 
18.5% of the population (Office of National 
Statistics, 2019). In addition to the height-
ened risk, pedestrians aged over 65 years are 
age more likely to be seriously injured in road 
traffic accidents compared to younger adults 
(Islam & Hossain, 2015; Niebuhr et al., 2016; 
Shamsunnahar et al., 2014; Wang et al., 2017). 
In fact, this increased fatality rate is 2.28 per 
100,000 higher for those over 75 years old com-
pared to the fatality rate of any other age group 
(Karsch et al., 2012).
Chronological age itself, however, does not 
explain why older adults are more vulnerable 
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at the roadside; rather, a deterioration or diffi-
culty in one or more of the processes needed to 
cross the road safely could result in an increase 
in rate of injury. In order to successfully exe-
cute a road crossing, pedestrians must perceive 
and pay attention to vehicles approaching from 
both directions. They need to detect approach-
ing traffic, determine the velocity of approach-
ing vehicles, and estimate if they have enough 
time to cross before the approaching vehicle 
reaches their crossing path. Once the decision to 
cross has been taken, pedestrians must execute 
a crossing movement, reevaluating the risks as 
they go. Deterioration in functions that come 
with aging, such as vision (Klein, 1991), hear-
ing (Gordon- Salant, 2005), visual perception 
(Haegerstrom- Portnoy et al., 1999), motion sen-
sitivity (Snowden & Kavanagh, 2006), ability 
to estimate time to contact (Schiff et al., 1992), 
and general executive function (Moscovitch & 
Winocur, 1995; West, 1996), may all influence 
the ability to detect approaching vehicles and 
make decisions about whether crossing is safe 
in a fast and efficient way. Furthermore, the 
movement component of road crossing could 
serve as another explanation for the overrepre-
sentation of older pedestrians involved in road 
traffic accidents, with age bringing a loss of 
stability (Maki, 1997), an increased movement 
initiation time (Rogers & Mille, 2016), and a 
tendency to look down whilst walking, any or 
all of which could be detrimental to the neces-
sary visual monitoring behavior of approaching 
vehicles (Avineri et al., 2012).
The constraints- based approach provides an 
interesting framework when considering factors 
that might influence crossing ability (Newell, 
1986). This framework suggests that individual, 
task, and environmental factors can constrain 
emerging movements; these constraints are 
unique to each individual and can change from 
moment to moment. Using this framework, we 
can think of crossing the road as the emerging 
movement within individual constraints, with 
task constraints and environmental constraints 
all impacting on that movement and determin-
ing whether it is a safe crossing movement or an 
unsafe crossing movement. Within this context, 
we can place age as an individual constraint, but 
we can also consider other individual constraints 
and consider why one older adult might be more 
or less at risk than another. We can also investi-
gate task and environmental constraints in order 
to consider the components of road crossing and 
the role of infrastructure on pedestrian safety.
In order to fully identify the pedestrian risk 
factors for older adults, it is necessary to crit-
ically consider the existing literature prior to 
developing recommendations that might reduce 
these risks. The aim of this systematic review 
was therefore to explore existing literature relat-
ing to older adults as pedestrians. Specifically, 
we were interested in factors that may explain 
why older adults are more at risk at the roadside.
METHODS
Search Strategy
A literature search was conducted inde-
pendently by KW using 10 electronic data-
bases: Web of Science; PsychInfo; Applied 
Social Sciences Index and Abstracts (ASSIA); 
Ovid Medline Scopus; Embase; CINAHL; 
PubMweed; ProQuest Public Health; Cochrane 
Library; and AMED. These databases were 
selected as they represent a broad spectrum of 
disciplines. The final search was performed on 
January 8, 2020. We combined terms to describe 
the population of interest with terms referring 
to road crossing, where possible MeSH terms 
and Boolean operators were used. Finally, hand 
searches were made of the reference lists of 
relevant reviews and included articles. A full 
description of the search strategy for Web of 
Science is provided in Table 1 as an example.
Inclusion and Exclusion
The inclusion criteria were studies that 
(1) presented data focusing on healthy older 
adults; (2) presented data focusing on some 
aspect of road crossing; (3) were published in 
peer reviewed journals; and (4) were written in 
English. Exclusion criteria were studies that did 
not, in some way, distinguish between adults less 
than 60 years of age and those above 60 years of 
age. No year of publication limit was imposed. 
PhD theses were not included but a search for 
published articles that arose from a thesis were 
searched for and, if they met the inclusion cri-
teria, were included. After removing duplicates 
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and screening titles and abstracts, both authors 
independently read full articles for eligibility. 
The authors reached a consensus of doubtful 
manuscripts through discussion.
Data Extraction
Extracted studies could be of any design 
and be published at any time. All outcomes 
were extracted through the selection of means, 
medians, and standard deviations. Both authors 
independently extracted data from each article 
using a data extraction form adapted from the 
Cochrane Collaboration.
Results
The database search identified a total of 5390 
records with an additional six records identified 
through other sources. After removing dupli-
cates, a total of 4492 records were identified. 
All titles were screened by KW, and those 
clearly not meeting the inclusion criteria were 
excluded on the basis of the paper title. This left 
142 papers for which full texts were sourced. At 
this stage, a further 80 studies were excluded 
either because they focused on reporting inci-
dence of injury, were not written in English, 
were not peer reviewed, did not focus on pedes-
trians, had no distinct over 60 years age group, 
performed no age comparison, or focused on 
atypical populations. This left 60 papers that are 
included in this review; this process is summa-
rized in Figure 1. The papers were divided into 
three areas: crossing at a designated crossing 
place; crossing with no designated crossing 
place; and perceptions and behaviors.
SUMMARY OF PAPERS AND 
DISCUSSION
Common Methodologies
The most commonly used methodologies are 
described below. Some studies did adopt alter-
native methods, but as these were far fewer they 
are described in the summary sections.
Observational studies. These consisted 
of one or more live observers and/or video 
TABLE 1: Concept Table and Search Strategy for Web of Science








Sexagenarian (60–69 yrs old)
Septuagenarian (70–79 yrs old)











[Ageing OR Aging OR Older adult OR Elderly 
OR Geriatric OR Senior- Citizens OR Senior- 
Community- Dwellers OR Sexagenarian OR 
Septuagenarian OR Octogenarian]  
AND [Pedestrian* OR Road*crossing OR 
crossing*road OR street*crossing OR 
crossing*street OR highway*crossing OR 
crossing*highway OR traffic*accident OR 
road*injury] NOT [Driver*]
Figure 1. Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses (PRISMA) flowchart.
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cameras located near a potential crossing loca-
tion. Papers typically observed multiple sites 
within a city. Both sites with and without sig-
nalized crossings featured across papers and 
road type differed from single lane to crossing 
six lanes of bi- directional traffic and with speed 
limits from 20 km/hr to 70 km/hr. Typically 
studies focusing on very wide roads (six lanes) 
were geographically located in very different 
places to those considering narrower (two lane) 
roads. Details of the location of the study, road 
size, and speed limit are detailed in summary 
tables below. In terms of the signalized roads, 
differences between and within studies also 
included the type of signalized crossing, that is, 
with or without a pedestrian countdown device, 
with or without a crossing island and the types 
of signals present (“walk” and “don’t walk” sig-
nals common in the United States and Canada; 
green, flashing green, and red signals common 
elsewhere). Studies had varying criteria regard-
ing the pedestrians who were sampled, with 
some only sampling pedestrians crossing alone 
and others including both those crossing alone 
and those in groups. Age of pedestrian was 
estimated with varying degrees of information 
across papers regarding how that was achieved 
and the potential accuracy of this. A handful of 
studies followed up observations by approach-
ing pedestrians and asking them to complete a 
survey. The data collected varied; those looking 
at signalized crossing were concerned with time 
taken to cross and measured this from the point 
at which the pedestrian stepped onto the cross-
ing until the point they stepped off. This was 
then converted to a speed by using the shortest 
crossing distance. Many of these studies also 
recorded whether the pedestrian finished cross-
ing before the start of the red pedestrian signal. 
A group of observational studies also consid-
ered crossing without a signalized crossing and 
these studies typically measured safety mar-
gin or time left once crossing had started. The 
latter is measured by determining the time or 
distance between when a pedestrian steps onto 
the road and the closest approaching vehicle. 
The former takes into account walking speed 
and is essentially the time that will remain once 
crossing is complete before the car reaches the 
line the pedestrian crossed. Finally, a group of 
observational studies considered behavior at the 
roadside. At signalized crossings, this included 
time waited prior to crossing, whether pedestri-
ans waited for a green pedestrian light, percent-
age of pedestrians crossing sometime after the 
green pedestrian light had started, and so on. At 
unsignalized crossings, this included the way 
in which pedestrians crossed very wide roads, 
that is, crossing in one go, crossing a number 
of lanes and pausing, and so on, and the way in 
which pedestrians interacted with vehicles.
Simulation studies. Simulation studies 
can be broken down into two types: those 
looking at walking speed at signalized cross-
ings and those looking at free road crossings. 
The former ranged from simply asking partici-
pants to walk a set distance to studies that used 
“mock” roads with curbs and “light signals” 
in order to more closely simulate crossing. 
These studies were also able to manipulate 
factors such as talking on a phone, carrying a 
heavy load, and so on. Those looking at cross-
ing without signalized crossings used virtual 
immersive environments to measure behav-
ior on one or two lane roads. Typically, these 
environments varied traffic speed and/or gap 
length. These studies measured similar factors 
to the observational studies including tempo-
ral and spatial size of the gap chosen (time/
distance between the participant stepping onto 
the road and the nearest approaching vehicle) 
and safety margin (gap chosen while tak-
ing into account walking speed). The way in 
which participants indicated they would cross 
differed across studies. Some simply asked 
participants to press a button/verbally indicate 
a cross and these measured walking speed 
away from the virtual environment, and then 
collision rate/safety margin is extrapolated 
assuming the vehicle and pedestrian traveled 
at a constant speed. Other studies asked partic-
ipants to actually walk across the virtual road 
while being able to monitor oncoming traffic; 
in these studies, collision rate was based on 
the speed the pedestrian chose to walk at.
Crossing at Signalized Crossings
Walking speed and crossing time. Papers 
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of signalized crossings are in Table 2 for obser-
vational studies and Table 3 for lab- based stud-
ies. Lab- based studies tended to find a greater 
proportion of older participants walking below 
1.2 m/s (Asher et al., 2012; Bollard & Fleming, 
2013; Webb et al., 2017) compared to the obser-
vational studies (Andrews et al., 2010; Coffin 
& Morrall, 1995; Hoxie & Rubenstein, 1994; 
Trpković et al., 2017). Across some studies, 
this contrast is stark with observational studies 
noting 100% of participants crossing in time 
and lab- based studies reporting <1% having a 
walking speed that would allow them to cross in 
time. However, there is a stark increase in this 
number for lab- based studies that asked partici-
pants to walk at a fast pace or excluded partici-
pants on the basis of poor health (Carmeli et al., 
2000; Eggenberger et al., 2017). Therefore, it 
would seem that older adults walk faster than 
their “comfortable” pace when crossing roads; 
this is supported by one study showing faster 
walking speeds when crossing the road versus 
walking along the pavement (Montufar et al., 
2002) although other studies haven’t sup-
ported this finding (Avineri et al., 2012; Walker 
et al., 1987). Furthermore, it might be that the 
cohorts used in lab- based studies do sometimes 
include participants who would not normally 
be crossing the road and so are not included 
in the observational studies. However, none 
of the observational studies, when assuming 
the need for a walking speed at or above 1.2 
m/s found 100% of older adults achieved this. 
Another important point in terms of the concept 
of “crossing in time” is the actual time a signal-
ized crossing allows. Five studies measured the 
walking speed required for signalized crossings 
in areas local to their studies (Amosun et al., 
2007; Andrews et al., 2010; Avineri et al., 2012; 
Bollard & Fleming, 2013; Hoxie & Rubenstein, 
1994). In all cases, the measured walking speed 
required at these crossings was below the rec-
ommended 1.2 m/s resulting in a greater pro-
portion of participants crossing in time.
Two studies compared crossing times across 
different crossing types. One of these found 
no difference in walking time across signal-
ized and unsignalized crossings (Avineri et al., 
2012). In comparison, a second study looked 
at five different crossing types: unsignalized 
(U), signalized (S), signalized and pedestrian 
countdown device (PCD), signalized and island 
(Island), and signalized with both a pedestrian 
countdown device and an island (PCD&Island; 
Trpković et al., 2017). The unsignalized cross-
ing resulted in the slowest crossing times and 
the island crossing the fastest crossing times, 
even though this resulted in one of the lowest 
“successful” crossings. Those crossings with 
pedestrian countdown devices only resulted in 
significantly more successful crossings than 
those with islands (with or without a cross-
ing device) but not more than signalized only 
crossings. This paints a rather complicated 
picture and unpicking it is difficult as it isn’t 
clear whether the walking speed required over 
these four types of signalized crossings were 
the same. If they were, then it would seem that 
pedestrians were more willing to cross when 
an island was present regardless of the count-
down time left, hence elevating unsuccessful 
crossings.
The effects of dual task have also been 
considered, with carrying out an additional 
task while walking (Donoghue et al., 2016; 
Eggenberger et al., 2017) or carrying loaded 
bags shown to slow participants (Amosun et al., 
2007). Studies that included a young compar-
ison group showed that both young and older 
adults were equally as affected (Kong & Chua, 
2014). Interestingly, Dommes (2019) consid-
ered differences in walking across a traditional 
dual task paradigm (walking and responding to 
an audio or visual stimulus) and a road crossing 
task, which also required walking whilst pro-
cessing stimuli. A dual task cost was seen in both 
paradigms, but older participants walked faster 
in the road crossing condition compared to the 
dual task condition, demonstrating the impor-
tance placed on walking speed when crossing 
a road. One final paper considered the nature of 
gait under different walking conditions (Vieira 
et al., 2015). During “road crossing” regard-
less of crossing time, older adults had a higher 
cadence, shorter step time, shorter swing time, 
and shorter stance time compared to younger 
adults. However, although the “normal” walk-
ing and “road crossing” walking differed, no 
differences were seen across the fast and slow 
road crossing conditions.
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The literature cited above demonstrates 
clear age differences but does not investigate 
the mechanisms behind these age differences. 
A single paper considered factors that pre-
dicted walking speed in adults (Avineri et al., 
2012). Only age predicted walking speed, not 
involvement in accidents, fear of falling, or 
type of crossing. However, other experimental 
studies that looked at ability to cross in time 
did find a number of factors that were import-
ant over and above age, such as poor cognitive 
ability (Donoghue et al., 2016; Romero- Ortuno 
et al., 2010), deficits in activities of daily 
living (Donoghue et al., 2016; Duim et al., 
2017; Langlois et al., 1997), weaker grip 
strength (Asher et al., 2012; Duim et al., 2017; 
Eggenberger et al., 2017), and poor health 
(Bollard & Fleming, 2013; Donoghue et al., 
2016; Duim et al., 2017; Langlois et al., 1997). 
Although these latter factors may be related to 
fear of falling and involvement in accidents, 
they are clearly stronger predictors of crossing 
time than the former.
A final important part of walking speed is 
understanding time taken to cross. Naveteur 
et al. (2013) found that older, but not younger, 
adults tended to underestimate how fast they 
could walk, a finding reflected in Zivotofsky 
et al. (2012). In contrast, Zito et al. (2015) and 
Butler et al. (2016) found that older adults over-
estimated their crossing time. An explanation for 
this might come from Holland and Hill (2010) 
who demonstrated that 60–74 year olds were 
most likely to underestimate their walking time 
while 74+ year olds were most likely to overes-
timate their walking time, a finding confirmed 
in Dommes et al. (2013). Butler et al. (2016), 
and Holland and Hill (2010) are described later 
in the paper in the section on crossing with no 
designated crossing place as their primary pur-
pose was not to measure crossing speed.
Crossing behavior. Walking speed is not 
the only reason that crossing at a signalized or 
designated crossing place can be dangerous; the 
way in which pedestrians adhere to and under-
stand crossing rules can also inform safety 
(see Table 4 for a summary of papers; please 
note two of the papers in this section, Coffin 
& Morrall, 1995 and Trpković et al., 2017, are 
described in Table 2).
When self- reporting their behavior, a higher 
adherence to road rules/conventions is seen in 
older compared to younger adults, for example, 
exhibiting behaviors such as looking before 
crossing, waiting at a red light, and so on 
(Granié et al., 2013). In fact, one study grouped 
older adults into seven pedestrian profiles 
based on self- reported behavior (Lord et al., 
2018). The oldest group were defined by find-
ing it riskier to cross on nonsignalized roads 
and thinking it was difficult to cross in time, 
whereas the younger old group were defined 
as a “good” pedestrian with perceptions in 
line with road rules/conventions. Actual com-
pliance rates seem to follow a very similar 
pattern (Ferenchak, 2016, Ren et al., 2011; 
Rosenbloom et al., 2004, 2016). However, city- 
based differences were observed with a greater 
compliance in older adults versus young found 
in wealthier (Rosenbloom et al., 2016) and sec-
ular cities (Rosenbloom et al., 2004), but not 
in poorer or religious cities. Coffin and Morrall 
(1995), although they didn’t consider compli-
ance behavior, did find confusion regarding the 
“walk,” flashing “don’t walk,” and solid “don’t 
walk” signals, which are commonly used in 
North America; this confusion might result in 
noncompliance behavior.
Compliance to pedestrian signals has also 
been considered in terms of willingness to wait, 
with older adults seemingly less prepared than 
younger adults to wait for a green pedestrian 
light (Zhang et al., 2016). This latter study 
seemingly contradicts those mentioned previ-
ously, which found a higher compliance among 
older adults; however, the key point seems to 
be the length of the pedestrian red light. Studies 
that found that older adults were more prepared 
to wait (Ren et al., 2011) typically looked at 
signalized crossings with relatively short peri-
ods between pedestrian green lights (<80 s). 
In comparison, Zhang et al. (2016) looked at 
crossings with long wait times (76–185 s). In 
fact, although Ferenchak (2016) indicated that 
older adults were more willing to wait, the max-
imum wait time for an adult in their 70s was 
about 60 s. When asked why they didn’t wait, 
participants cited “time saving,” “unreasonable 
crossing facilities,” and “no traffic” (Ren et al., 
2011)
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TABLE 4: Summary of the Studies Focusing on Crossing Behavior While Crossing a Signalized Road
Study Cohort Study Type Method Findings
Brosseau et al. 
(2013) (Canada)
0–8 yrs, 9–17 yrs, 
18–35 yrs, 36–59 
yrs, 60+ yrs
O Crossing violations 
for different types 
of crossings
50% + of crossing “violations” in 
older adults were dangerous 
but legal crossings. Pedestrian 




N = 4687, 46% 
were >65 yrs
O Interaction events 
for different types 
of road
Older adults more likely to be 
involved in interaction event. For 
adults 80+ years, more careful 










As age increased, waiting time 
increased, the use of a crossing 
infrastructure increased, and 
the chance of a vehicle conflict 
decreased. Gender showed no 
difference.
Choi et al. (2019) 
(South Korea)
N = 900
20–89 yrs, >60 
yrs
O Included field TTA 
test. No speed 
limit stated
Head turns were less frequent 
in older adults. Older adults 
showed more error when 
estimating approach with 24% of 
older participants overestimating 
distance.




Q Developed a 
pedestrian 
behavior scale
A fewer number of transgressions, 
offenses, positive behaviors, and 
errors in older adults. No age 
effects for lapses or aggressive 
behavior.




O and Q Classified 
participants into 
profile types
“Delegators” more commonly 
seen in the oldest adults. Certain 
behaviors were more seen more/




N = 2476 split 
into child, adult, 
elderly (>60 yrs)
O Signalized crossings 
with and without 
markings
Age influenced noncompliant 
behavior with older adults and 
children showing fewer instances 
of this than adults. Markings 
increased compliance.
Ren et al. (2011) 
(China)
N = 6628
18–60 yrs, 11% 
60+ yrs
O and Q Signalized crossing 
with countdown 
timers
60+ yrs more likely to show 
compliant behavior than the 
other age groups. Reasons for 
noncompliant behavior: time 




N = 1047 
children, adults, 
>60 yrs




Elderly were more cautious with 





mean age 71 yrs
O Behavior in rich vs. 
poor area
As age increased so did tendency 
to cross on a red pedestrian 
light. Also, overall safety index 
increased as age increased.
(Continued)
Pedestrian risk Factors in older adults 11
Road markings on signalized crossings 
improved compliance behavior for all aged 
participants (Dommes, Vedagiri, et al., 2015). 
Furthermore, in older adults, most crossing vio-
lations were seen on crossings with pedestrian 
islands as compared to crossing without pedestrian 
islands; this was regardless of whether a pedes-
trian countdown device was present (Trpković 
et al., 2017). Brosseau et al. (2013) found that of 
the crossing violations in older adults over 50% 
were dangerous but legal crossings (the pedestrian 
starts to walk on the green pedestrian light, but 
does not make it across before the light changes). 
Furthermore, the presence of a pedestrian count-
down display reduced the number of violations 
for the group as a whole; however, whether this 
is true of the older adult group alone is not clear. 
Similarly, a study that considered “interactions” 
(when the pedestrian’s path and the driver’s path 
crossed when the pedestrian was still on the street) 
found that these were highest in the 65–79 year 
olds with almost half of this group experiencing 
an interaction with a vehicle or bicycle, despite 
higher compliance among this group compared 
to the younger groups. Environmental factors that 
decreased the probability of having an interaction 
were the presence of a one- way street, crossings 
with a different surface material, and the presence 
of a curb extension (Cloutier et al., 2017).
Wei et al. (2018) showed participants a 
sequence of videos and asked them to choose 
whether they would use a crosswalk or a crossing 
bridge (Wei et al., 2018). The crosswalk included 
a pedestrian countdown device and the amount 
of time remaining was manipulated along with 
the accessibility of the crossing bridge. Results 
demonstrated that the presence of bi- directional 
escalators increased the likelihood of an older 
adult using the footbridge if the remaining time on 
the countdown was low. However, this study also 
identified a group of older adults who always opted 
to use the crosswalk regardless of time remaining 
or accessibility of the bridge. Although this study 
limited participant response (they were not able to 
opt to wait), it does demonstrate that older adults 
may opt for an unsafe crossing situation if the 
alternative is less accessible. Interestingly, one 
study included a breakdown of participants choos-
ing to cross the road (without a crosswalk) versus 
using an overpass; when the speed limit of the road 
was 50 km/hr, only 16% of pedestrians (young and 
old) choose to use an overpass. However, when the 
speed limit was 70 km/hr, 84% of pedestrians used 
the overpass (Alver & Onelcin, 2018). Therefore, 
it is possible that the presence of the signalized 
crosswalk in the Wei et al. (2018) study made 
the overpass less appealing due to an apparently 
“safe” method of crossing.
No Designated Crossing Place
The vast majority of the literature focuses 
on road crossing decision- making and behav-
ior when there is no designated crossing 
place; these papers are summarized in Table 5 
(observational studies) and Table 6 (simulated 
studies).
Study Cohort Study Type Method Findings




E Trade- off between 
crosswalk and 
footbridge
Older adults less willing to trade 
off crossing at street level 
regardless of time available to 




N = 9554 O Factors influencing 
waiting time
Ideal endurance time is 18.7 s 
with a limit of 52.8 s. Waiting 
endurance was affected by 
temperature, gender, age, travel 
time, red signal timing.
Note. Type of study: O = observational, Q = questionnaire, E = Experimental.
TABLE 4 (Continued)
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Observational studies. If we first consider 
the six observational studies, one of these stud-
ies provided clear evidence that when crossing 
two- way roads older adults leave dangerously 
small safety margins (Oxley et al., 1997); fur-
thermore, many of the older adults crossed the 
near- side road without consideration to the far- 
side road. Oxley et al. (1997) went on to con-
sider crossing a one- way road and observed no 
differences in safety margins across the younger 
and older group. In contrast, four other studies 
focusing on two- way traffic, on the face of it 
suggest older adults make safer crossing deci-
sions (Al Bargi et al., 2017; Alver & Onelcin, 
2018; Harrell & Bereska, 1992; Naser et al., 
2017). However, these studies report spa-
tial gap size and not safety margin; given that 
older adults walk slower than younger adults, 
a long spatial gap does not necessarily indicate 
a greater safety margin. This is demonstrated 
in Oxley et al. (1997), who found longer gap 
sizes in older adults compared to young, but 
then shorter safety margins in older adults com-
pared to young. Therefore, studies that demon-
strate longer gap size in older adults may not be 
showing safer crossing decisions. Of the other 
two studies that showed longer safety margins 
in older adults, one looked at pedestrians cross-
ing on a marked crossing; but without signals, 
pedestrians might behave very differently on 
TABLE 5: A Summary of the Observational Studies That Considered Gap Choice When Crossing 
Without a Designated Crossing Place
Study Cohort Method Findings
Spatial Gap 
Size
Al Bargi et al. 
(2017) (Malaysia)





Predictors of gap size 
on two- way road with 
vehicle speeds 23–55 
km/hr
As age increases, gap size 
increases. Traffic speed, 
waiting time, gender 
(male), distance to cross, 
age group, frequency 
of attempts, pedestrian 
number all important in 
size of gap.
For all ages 
8.91 s
Alver and Onelcin 
(2018)
(Turkey)
N = 25 10–19 yrs




Two- way four- lane 
roads 50 km/hr and 
70 km/hr. Looked at 
overpass vs. crossing 
and described 
crossing
More participants used 
overpass when speed 
limit was higher. As 
age increases, gap size 





Harrell and Bereska 
(1992) (USA)
All 60+ yrs. No 
indication of N
Two- way four- lane road 
with marked crossing, 
for pedestrians where 
cars did not stop. No 
speed limit stated
Classified crosses as risky 
(<2 s safety margin), not 
risky (>2 s safety margin). 
As age increased, the 













gaps and factors 
that predict gap size. 
Road size and speed 
not stated
As age increases, gap size 
increases. Four variables 
explain 78% variance 
in gap accepted: age, 
rolling gap, vehicle type, 
gap acceptance.
<30 yrs 4.5 s
30–60 yrs 
4.7 s
>60 yrs 7.4 s
Zhang et al. (2018) 
(China)
<30 to >60 yrs. 
No indication 
of N
Crossing behavior at 
a six- lane two- way 
street.
Older adults and females 
less likely to use rolling 
gap. As wait time and 
traffic volume increase, so 
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a marked crossing than when simply crossing 
the road. The second study, which showed lon-
ger safety margins in older adults, observed 
roads with high traffic speeds (circa 70 km/hr) 
compared to the study that found unsafe cross-
ing decisions (Oxley et al., 1997, circa 22–27 
km/hr); in fact, in a second study, Oxley et al. 
(1997) found that one- way traffic increased the 
safety of older adults, but in addition to the sec-
ond study only looking at traffic moving in one 
direction, the speed of traffic was higher when 
older adults were displaying safer crossing deci-
sions (circa 45 km/h). This link between safety 
margin/gap size and traffic speed is supported 
by Al Bargi et al. (2017).
These studies suggest that there are, in some 
cases, differences in the road- crossing behav-
iors of older adults where there is no signalized 
crossing. However, the factors that influence 
gap choice, over and above age, have been con-
sidered by three of these observational studies. 
Al Bargi et al. (2017) found that higher vehicle 
speed, lower waiting time, being a male, wider 
crossing distance, older age group, lower fre-
quency of attempts, and higher number of pedes-
trians were all factors that increase safety. Naser 
et al. (2017) found as age increased and vehicle 
size decreased so did the size of the accepted 
temporal gap. Furthermore, the presence of a 
traffic signal, a bicycle path, a one- way road, 
or different crossing material all made it less 
likely that an interaction would occur. A final 
study looked at factors that predicted crossing 
strategy when crossing a six- lane, two- way 
road (Zhang et al., 2018). Crossing was catego-
rized into single stage crossing (wait for a gap 
large enough to cross all six lanes), two- stage 
crossing (wait for a gap large enough to cross 
one direction of traffic, three lanes), or rolling 
gap crossing (cross each lane at a time). Age 
influenced strategy choice with older adults 
less inclined to adopt a rolling gap strategy. 
However, as waiting time and traffic volume 
increased, individuals were more likely to adopt 
a rolling gap strategy. This study suggests safer, 
but more frustrating crossing behavior in older 
adults, who tended more toward waiting for a 
gap to cross all of the lanes rather than trying 
to cross around cars. Furthermore, as the use of 
rolling behavior declined, gap size increased.
Simulated studies. The simulated studies 
all generally demonstrate a higher proportion 
of unsafe crossings or smaller safety margins in 
older versus younger adults (Butler et al., 2016; 
Dommes & Cavallo, 2011; Dommes et al., 
2014, 2015; Geraghty et al., 2016; Holland & 
Hill, 2007; Lobjois et al., 2013; Neider et al., 
2011; Oxley et al., 2005; Petzoldt, 2014; 
Stafford et al., 2019; Zito et al., 2015). From 
these studies, it is apparent that the elevated risk 
is more common for vehicle speeds circa 60 km/
hr (Dommes et al., 2013, 2015; Langlois et al., 
1997) for two- way traffic, cwith the far lane not 
being attended to (Dommes et al., 2014, 2013, 
2015; Oxley et al., 1997), when carrying out an 
additional task (Butler et al., 2016; Neider et al., 
2011) and for older- old participants (Butler 
et al., 2016; Dommes et al., 2013).
The section above seemingly shows that the 
traffic gaps chosen change as we age; the next 
consideration is why this might be. Two studies 
included a measure of eye gaze/head turns and 
found that older adults spent more time looking 
at the ground and less time looking to the other 
side of the road (Zito et al., 2015), and they had 
a tendency to focus on near and not far lane 
traffic (Dommes et al., 2014). Holland and Hill 
(2010) found that walking time, start- up- delay, 
last look to the left, last look to the right, and 
percentage of safe crossings where the pedes-
trian looked both ways were significant factors 
in the prediction of safe crossing.
An important aspect of road crossing is the 
ability to make accurate time to arrival (TTA) 
estimates (Butler et al., 2016; Choi et al., 2019; 
Dommes & Cavallo, 2011; Dommes et al., 
2013; Petzoldt, 2014; Schleinitz et al., 2016). 
Butler et al. (2016), Schleinitz et al. (2016), 
and Petzoldt (2014) found that older partici-
pants underestimated TTA to a greater extent 
than younger adults. In contrast, Dommes and 
Cavallo (2011) and Dommes et al. (2013) found 
that their oldest group of participants overesti-
mated the available time when the vehicle was 
approaching at high speeds (70 km/hr) more 
often than the young participants. An import-
ant difference to note here is that the speed 
used in the Dommes and Cavallo (2011) and 
Dommes et al. (2013) studies was far higher 
than the speeds used in the other studies. In 
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fact, Dommes et al. (2013) also report that at 
lower speeds, their oldest adult underestimated 
TTA, in line with Butler et al. (2016), Schleinitz 
et al. (2016), and Petzoldt (2014). In fact, many 
of these studies also demonstrated the impor-
tance of TTA estimates alongside other factors 
such as walking speed, processing speed, and 
visual attention in safe gap choices (Butler 
et al., 2016; Dommes et al., 2014, 2014, 2015). 
In many cases, these factors explained gap 
choice far better than age. Similarly, Geraghty 
et al. (2016) found walking speed, variance in 
start- up delay, and cognitive processing speed 
predicted near- side accidents while walking 
speed, start- up delay, variance in start- up delay, 
and spatial planning were important in predict-
ing far- side accidents.
Summary. In terms of factors that are 
important in determining gap choice when there 
is no designated crossing place, traffic speed 
seems to be highly important with speeds at 
60 km/hr or above particularly problematic for 
older adults in the lab- based studies, with a high 
proportion of far- side crashes noted. This seems 
to counter the findings from the observational 
studies, which suggested that safety margin 
increased as traffic speed increased; however, 
the speeds from those observational studies 
are lower than 60 km/hr and so speed may act 
as a U- shaped function. Equally, in the obser-
vational studies, pedestrians would have been 
aware of the speed limit of the road and so may 
have tempered their crossing behavior to that; 
in the simulation studies, pedestrians had to 
rely on their perceptual judgment of approach-
ing cars. Given that older adults are less sensi-
tive to vehicle speed information, this may have 
influenced their gap choice. Further important 
variables include processing speed, selective 
attention, walking speed, start- up- delay, vehicle 
size, and group size. The first four of these, in 
some instances, replace the variance explained 
by age. However, on very big roads, older adults 
were less inclined to cross using a “rolling gap” 
strategy; however, this did depend on how long 
they had to wait for a large enough gap to cross 
without using this strategy. One important con-
sideration when looking at the findings of sim-
ulation studies is how much they truly represent 
what a pedestrian would do in the real world. 
They often give participants no alternative 
choices such as walking to a signalized cross-
ing; so although older adults may seemingly 
struggle to safely cross roads where traffic is 
traveling at or above 60 km/hr, this may be an 
activity they actively avoid in the real world.
Perception of Risk and Intention to Cross
The five papers included in this section are 
summarized in Table 7.
A single paper considered whether older and 
younger adults can accurately estimate the inci-
dence of serious and fatal injuries for both their 
age group and other age groups (Rafaely et al., 
2006). In terms of accuracy of estimates, the 
older participants correctly assessed their own 
risks of severe injuries but they overestimated 
their risk of fatal injuries in pedestrian crashes. 
At a more task- based level, when looking at 
the ability to detect hazards older adults were 
consistently poorer on a video- based hazard 
perception task compared to younger adults and 
children (Rosenbloom et al., 2015). However, 
we must be cautious as ability here was mea-
sured in terms of response time, which is often 
slower in older adults. In terms of perceived 
risks or difficulties, a face- to- face survey with 
elderly pedestrians, drivers, and cyclists showed 
that pedestrians self- reported individual con-
straints to road crossing in terms of being able 
to move their head from side to side, and for 
female pedestrians judging gap size (Gonawala 
et al., 2013). In addition, environmental con-
straints such as noise distraction, glare, and 
some aspects of road signage were noted to be a 
significant problem.
The other two studies brought together per-
ception of risk and behavior using the theory of 
planned behavior (Holland & Hill, 2007, 2010). 
Holland and Hill (2007) considered factors that 
influence intention to cross in a high versus low 
risk situation, while Holland et al. (2009) con-
sidered how self- identity, attitudes, and habit 
influenced the intention to cross. The inten-
tion to cross was generally lower for older age 
groups compared to younger. In terms of factors 
predicting the intention to cross, Holland and 
Hill (2007) found that subjective norms did not 
account for a significant level of variance in the 
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older two groups (60–74 years and 75+ years), 
but it did in the younger two (17–24 years and 
25–59 years). Perceived behavior control, the 
degree to which older adults felt they had con-
trol over the degree of risk, was more important 
for the young- old group (60–74 years) com-
pared to the old- old group (75+ years). While 
Holland et al. (2009) found that self- identity, 
age, and gender explained 31% of variance in 
the intention to cross for 60–74 year- olds, with 
an increase in age and a shift away from risk 
taking resulting in a lower intention to cross. In 
the old- old group (75+ years), none of the fac-
tors predicted intention to cross. Holland et al. 
(2009) went on to consider whether self- identity 
and intention predicted actual behavior (as mea-
sured via a simulated road crossing situation). 
Only 19% of variance in actual behavior was 
accounted for, and this was all due to intention 
predicting behavior and not self- identity.
Gender
Finally, a common variable considered 
across the papers described above was gender 
with five out of eight studies including this 
as a variable, finding a greater proportion of 
females versus males failed to cross in time or 
walk faster than 1.2 m/s (Amosun et al., 2007; 
Asher et al., 2012; Bollard & Fleming, 2013; 
TABLE 7: A Summary of the Papers Considering Perception of Risk and Attitude to Crossing







Of these, N = 75 
were pedestrians
Face- to- face 
survey
Pedestrians reported difficulties in 
moving head from side to side, glare, 
and noise distraction. Some aspects 
of road signage (unclear marking, 
size, and location/position) were said 
to be a problem.
Holland and Hill 
(2007)(UK)
N = 298, 17–92 yrs Theory of planned 
behavior
Intention to cross was lower for older 
groups. Predictors of intention to 
cross: young- old, attitude, perceived 
behavioral control, subjective norms 
and affective attitudes; old- old: 
attitude, affective attitudes
Holland et al., 2009 
(UK)
Questionnaire:  
N = 362, 17 
–92 yrs, simulation  
study: N = 204
Theory of planned 
behavior
As a group, participants were much 
more likely to indicate they would 
cross in the high habit vs. low habit 
situation. Predictors of intention to 
cross: young- old: self- identity; old- 
old: nothing
Rafaely et al. (2006) 
(Israel)
N = 34 younger,  









Younger participants overestimated 
their own risks of injury. Older 
participants correctly assessed own 
risks of serious injury crashes but 













Older adults scored lower on the 
hazard perception task compared to 
children or adults
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Donoghue et al., 2016; Webb et al., 2017). 
However, these studies were all experimen-
tal and one could argue they included partici-
pants who would not normally have been at the 
roadside. This is compared to the three studies 
that found no gender differences (Eggenberger 
et al., 2017; Trpković et al., 2017; Walker et al., 
1987), two of which were observational and 
the third that required participants to be able to 
walk 20 m independently.
Gender also seemingly influenced safety 
margins, with one study showing that age only 
influences female and not male safety (Holland 
& Hill, 2010). This study also demonstrated 
that different factors predicted safe crossing in 
men and women. Furthermore, we see a greater 
number of unsafe crossings in females versus 
males for near- side crossings, but no difference 
in far- side crossings (Geraghty et al., 2016). 
Alver and Onelcin (2018) also reported sig-
nificant interactions, which included age and 
gender; however, these interactions were not 
explored nor were the data presented in the 
paper and hence the exact nature of the gender 
and age interaction is unclear. Finally, one paper 
found no gender effects (Butler et al., 2016). 
This disparity in findings might be an indica-
tion that gender differences are only apparent in 
some situations and not others. Furthermore, it 
is not clear whether these factors have a bigger 
impact on older adults’ road crossing compared 
to their younger counterparts.
FINAL CONCLUSIONS
Overall, this systematic review has looked at 
evidence explaining the elevated risk of older 
adults at the roadside. The evidence suggests 
that age is influenced by multiple individual 
constraints. We can think of these factors as 
being threefold: motor control; perception; and 
cognitive ability; these factors seem to be partic-
ularly important when older adults are crossing 
in nondesignated crossing places. If we con-
sider the task of road crossing when you have to 
decide when to cross, one first has to focus one’s 
attention appropriately and determine what is 
happening (cognitive skills), you then need to 
determine when an approaching vehicle will 
reach you (perceptual skills), decide whether 
you have time to cross, and then act upon that 
(motor skills). The body of evidence evaluated 
here has shown that cognitive skills such as pro-
cessing speed and selective attention are more 
important than age, and so older adults who 
have relatively poor cognitive skills could be 
thought of as more at risk. To some extent, this 
was reflected in some of the reports from older 
adults who stated they found “noise distraction” 
and “distraction from signs” difficult to process. 
Similarly with the perceptual skills, we have 
seen that the ability to judge time to arrival is 
key in safe road crossing decisions and that an 
accurate estimation of TTA may “protect” older 
adults at the roadside. Finally, in terms of motor 
control, it would seem that older adults who 
can walk faster are, to some extent, protected at 
the roadside. This does not seem to be because 
those adults, whose walking speed has deteri-
orated, have failed to recalibrate to their new 
walking speed as walking speed estimation was 
not a predictive factor. It could simply be that 
a faster walking speed provides people with a 
greater number of “crossable” gaps in which to 
cross and so enables someone to cross within 
a shorter time frame. The importance of motor 
control, perceptual ability, and cognitive ability 
may be key in understanding the elevated risk 
to older adults especially where no designated 
crossing place exists. With older adults who 
have a significant decline in these areas placed 
at a higher risk, what is unclear is whether these 
older adults understand this elevated risk.
In terms of task constraints, studies explor-
ing gap choices were difficult to compare due 
to differences in methodology; however, factors 
such as number of lanes of traffic, volume of 
traffic, and traffic speed seems to be important 
in how safe a crossing decision is in older adult-
hood. Dual tasks also influenced the crossing 
and walking speed of older adults in terms of 
how long they stood on the sidewalk before ini-
tiating a cross. Finally, in relation to environ-
mental constraints, older adults reported that 
they found it riskier to cross on nonsignalized 
roads and thought it was difficult to cross in 
time. Taken together, this review suggests that 
all of these factors need to be taken into consid-
eration together in order to determine the safety 
of an individual as a pedestrian. It appears 
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that different behavior is observed when older 
adults are asked to cross roads with low speed 
vehicles compared to high, when asked to exe-
cute a cross compared to indicating when they 
would cross, when asked to cross compared to 
simply walking. The interaction between the 
individual constraints, the task constraints and 
the environmental constraints are, therefore, 
clearly important in understanding how and 
why road crossing differs so greatly. Moreover, 
considering individual, task, and environmental 
constraints in isolation will never provide a full 
picture of crossing.
One final important consideration is the 
difference between the individuals we see 
crossing the road and the individuals we want 
crossing the road. We started this review 
talking about the importance of walking in 
terms of physical and mental health and that 
encouraging older adults to become more 
mobile has many benefits. However, if we 
currently see the vulnerability of older adults 
at the roadside, this is only likely to increase 
if currently immobile individuals start cross-
ing the road. This highlights the importance 
of those lab- based studies that included older 
adults who were not necessarily crossing the 
road every day. Considering the risk factors 
for that group in terms of motor, cognitive, 
and perceptual ability is important in order to 
ensure our roads are accessible and safe for 
all and not just to those currently using them.
Future Recommendations
The material reviewed here highlights some 
important considerations when designing infra-
structure to support the safety of older adults. 
Below we detail infrastructure changes that would 
improve the safety of our roads for older adults.
Signalized crossings. The standard walk-
ing speed of 1.2 m/s is not suitable for all older 
adults at the roadside and is insufficient to 
encourage community- dwelling older adults 
to become active. Furthermore, the time an 
older adult is willing to wait for a green pedes-
trian light is key in their adherence behavior. 
There is evidence that some older adults strug-
gle to understand the meaning of the “walk,” 
“don’t walk flashing,” and “don’t walk solid” 
signals commonly found in the United States 
and Canada. This confusion may also extend 
to the “green”, “flashing green,” and “red” 
pedestrian signals in other countries.
Action: reduce the standard walking 
speed for crossings to .40-.49m/s.
Action: ensure waiting time for a green 
pedestrian light is limited to 60 s.
Action: install pedestrian countdown de-
vices rather than other types of displays
Unsignalized crossings. Older adults 
don’t perceive unsignalized crossings as more 
dangerous than signalized ones and actually 
walk slower across unsignalized crossings. 
Therefore, it is vital that unsignalized crossing 
have clear signage to ensure adherence behav-
ior of drivers.
Action: increase visibility of unsignalized 
crossings with clear signage and road sur-
face and color.
No designated crossing points. It is not 
always possible to cross at a designated crossing 
site, and although older adults are more likely to 
use a designated crossing point, there is a lack 
of evidence regarding the distance older adults 
will walk to find one. Therefore, it is important 
to consider road safety in general. When cross-
ing in this way, the crossing decisions of older 
adults were safer when crossing single lane 
roads with slower moving traffic.
Action: reduce speeds to below 30 mph in 
towns and cities.
Action: on busy roads, install regular traf-
fic islands that allow pedestrian to focus 
on crossing one lane at a time.
The studies reviewed here also highlighted 
that factors that put older adults more at risk are 
predominately related to cognitive, perceptual, 
and motoric decline. Therefore, crossing the 
road with awareness of those declines is import-
ant and where designated crossing places are 
not available educational programs could help 
to raise awareness regarding the risks of 
crossing.
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Action: design education programs to high-
light safer crossing strategies (i.e., to use is-
lands so only one lane needs to be crossed 
at one, to plan a route to avoid fast moving 
traffic, to stay alert when at the roadside).
KEY POINTS
 ● Individual (e.g., attitudes, walking speed, cogni-
tive ability), task (e.g., vehicle size and speed, 
traffic volume), and environmental constraints 
(e.g., time of day, weather) are all important 
in describing how older adults behave at the 
roadside.
 ● Lengthening the time of the pedestrian green 
signal and reducing the time of the pedestrian red 
signal alongside the use of pedestrian countdown 
displays may increase the safety of older adults at 
signalized crossings.
 ● Increasing signage and visibility of unsignalized 
crossings may increase the safety of older adult 
pedestrians.
 ● Reducing speed limits and providing traffic 
islands may increase the safety of older adults 
where no other designated crossing aids are 
available.
ORCID iD
Kate Wilmut  https:// orcid. org/ 0000- 0001- 
6985- 3456
REFERENCES
Al Bargi, W. A., David Daniel, B., Prasetijo, J., Rohani, M. M., & 
Mohamad Nor, S. N. (2017). Crossing behaviour of pedestrians 
along urban streets in Malaysia. In M. J. Zainorizuan, L. Y. Yong, 
L. Siang, O. M. Hanifi, R. S. Nazahiyah, & A. M. Shalahuddin 
(Eds.), International Symposium on Civil and Environmental 
Engineering 2016 (Vol. 103, p. 08003). https:// doi. org/ 10. 1051/ 
matecconf/ 201710308003
Alver, Y., & Onelcin, P. (2018). Gap acceptance of pedestrians at 
overpass locations. Transportation Research Part F: Traffic 
Psychology and Behaviour, 56, 436–443. https:// doi. org/ 10. 
1016/ j. trf. 2018. 05. 010
Amosun, S. L., Burgess, T., Groeneveldt, L., & Hodgson, T. (2007). 
Are elderly pedestrians allowed enough time at pedestrian 
crossings in Cape Town, South Africa? Physiotherapy 
Theory and Practice, 23, 325–332. https:// doi. org/ 10. 1080/ 
09593980701593755
Andrews, A. W., Chinworth, S. A., Bourassa, M., Garvin, M., 
Benton, D., & Tanner, S. (2010). Update on distance and velocity 
requirements for community ambulation. Journal of geriatric 
physical therapy, 33, 128–134.
Asher, L., Aresu, M., Falaschetti, E., & Mindell, J. (2012). Most older 
pedestrians are unable to cross the road in time: A cross- sectional 
study. Age and Ageing, 41, 690–694. https:// doi. org/ 10. 1093/ 
ageing/ afs076
Avineri, E., Shinar, D., & Susilo, Y. O. (2012). Pedestrians’ behaviour 
in cross walks: The effects of fear of falling and age. Accident 
Analysis & Prevention, 44, 30–34. https:// doi. org/ 10. 1016/ j. aap. 
2010. 11. 028
Barton, B. K., Heath, G. E., & Lew, R. (2016). Detection and direction 
determination of approaching vehicle noises among older adults. 
The International Journal of Aging and Human Development, 82, 
229–250. https:// doi. org/ 10. 1177/ 0091415016632348
Barton, J., Hine, R., & Pretty, J. (2009). The health benefits of walking 
in greenspaces of high natural and heritage value. Journal of 
Integrative Environmental Sciences, 6, 261–278. https:// doi. org/ 
10. 1080/ 19438150903378425
Bollard, E., & Fleming, H. (2013). A study to investigate the walking 
speed of elderly adults with relation to pedestrian crossings. 
Physiotherapy Theory and Practice, 29, 142–149. https:// doi. 
org/ 10. 3109/ 09593985. 2012. 703760
Brosseau, M., Zangenehpour, S., Saunier, N., & Miranda- Moreno, L. 
(2013). The impact of waiting time and other factors on dangerous 
pedestrian crossings and violations at signalized intersections: A 
case study in Montreal. Transportation Research Part F: Traffic 
Psychology and Behaviour, 21, 159–172. https:// doi. org/ 10. 
1016/ j. trf. 2013. 09. 010
Butler, A. A., Lord, S. R., & Fitzpatrick, R. C. (2016). Perceptions of 
speed and risk: Experimental studies of road crossing by older 
people. Plos One, 11, e0152617. https:// doi. org/ 10. 1371/ journal. 
pone. 0152617
Carmeli, E., Coleman, R., Omar, H. L., & Brown- Cross, D. (2000). 
Do we allow elderly pedestrians sufficient time to cross the street 
in safety? Journal of Aging and Physical Activity, 8, 51–58. 
https:// doi. org/ 10. 1123/ japa. 8. 1. 51
Choi, J., Tay, R., Kim, S., & Jeong, S. (2019). Behaviors of older 
pedestrians at crosswalks in South Korea. Accident Analysis & 
Prevention, 127, 231–235. https:// doi. org/ 10. 1016/ j. aap. 2019. 03. 
005
Cloutier, M.-S., Lachapelle, U., d’Amours- Ouellet, A.-A., 
Bergeron, J., Lord, S., & Torres, J. (2017). “Outta my way!” 
Individual and environmental correlates of interactions between 
pedestrians and vehicles during street crossings. Accident 
Analysis & Prevention, 104, 36–45. https:// doi. org/ 10. 1016/ j. 
aap. 2017. 04. 015
Coffin, A., & Morrall, J. (1995). Walking speeds of ederly pedestrians 
at crosswalks. Transportation Research Record, 1487, 63.
Department for Transport. (2018). RAS30064: Reported pedestrian 
casualties by age, Great Britain. https://www. gov. uk/ government/ 
statistical- data- sets/ ras30- reported- casualties- in- road- accidents# 
table- ras30064
Dommes, A. (2019). Street- crossing workload in young and older 
pedestrians. Accident Analysis & Prevention, 128, 175–184. 
https:// doi. org/ 10. 1016/ j. aap. 2019. 04. 018
Dommes, A., & Cavallo, V. (2011). The role of perceptual, cognitive, 
and motor abilities in street- crossing decisions of young and 
older pedestrians. Ophthalmic and Physiological Optics, 31, 
292–301. https:// doi. org/ 10. 1111/ j. 1475- 1313. 2011. 00835.x
Dommes, A., Cavallo, V., Dubuisson, J.-B., Tournier, I., & Vienne, F. 
(2014). Crossing a two- way street: Comparison of young and old 
pedestrians. Journal of Safety Research, 50, 27–34. https:// doi. 
org/ 10. 1016/ j. jsr. 2014. 03. 008
Dommes, A., Cavallo, V., & Oxley, J. (2013). Functional declines as 
predictors of risky street- crossing decisions in older pedestrians. 
Accident Analysis & Prevention, 59, 135–143. https:// doi. org/ 10. 
1016/ j. aap. 2013. 05. 017
Dommes, A., Lay, T. L., Vienne, F., Dang, N.-T., Beaudoin, A. P., 
& Do, M. C. (2015). Towards an explanation of age- related 
difficulties in crossing a two- way street. Accident Analysis & 
Prevention, 85, 229–238. https:// doi. org/ 10. 1016/ j. aap. 2015. 09. 
022
Dommes, A., Vedagiri, P., & Marisamynathan, S. (2015). A statistical 
analysis of pedestrian behaviour at signalized intersections.
Street- crossing workload in young and older pedestrians. 
Accident Analysis & Prevention, 128, 175–184.
Donoghue, O. A., Dooley, C., & Kenny, R. A. (2016). Usual and 
dual- task walking speed: Implications for pedestrians crossing 
Month XXXX - Human Factors22
the road. Journal of aging and health, 28, 850–862. https:// doi. 
org/ 10. 1177/ 0898264315614004
Duim, E., Lebrão, M. L., & Antunes, J. L. F. (2017). Walking speed of 
older people and pedestrian crossing time. Journal of Transport 
& Health, 5, 70–76. https:// doi. org/ 10. 1016/ j. jth. 2017. 02. 001
Eggenberger, P., Tomovic, S., Münzer, T., & de Bruin, E. D. (2017). 
Older adults must hurry at pedestrian lights! a cross- sectional 
analysis of preferred and fast walking speed under single- and 
dual- task conditions. Plos One, 12, e0182180–e0182180. https:// 
doi. org/ 10. 1371/ journal. pone. 0182180
Ferenchak, N. N. (2016). Pedestrian age and gender in relation to 
crossing behavior at midblock crossings in India. Journal of 
Traffic and Transportation Engineering, 3, 345–351. https:// doi. 
org/ 10. 1016/ j. jtte. 2015. 12. 001
Franks, M. M., Richards, E. A., McDonough, M. H., Christ, S. L., & 
Marshall, M. E. (2018). Walking for our health: Couple- focused 
interventions to promote physical activity in older adults. 
International Journal of Health Promotion and Education, 56, 
280–288. https:// doi. org/ 10. 1080/ 14635240. 2018. 1522266
Geraghty, J., Holland, C., & Rochelle, K. (2016). Examining links 
between cognitive markers, movement initiation and change, and 
pedestrian safety in older adults. Accident Analysis & Prevention, 
89, 151–159. https:// doi. org/ 10. 1016/ j. aap. 2015. 12. 019
Gonawala, R. J., Badami, N. B., Electicwala, F., & Kumar, R. (2013). 
Impact of elderly road users characteristics at intersection. 
In P. Chakroborty, H. K. Reddy, A. Amekudzi, A. Das, 
A. Seyfried, B. Maitra, D. Teodorovic, K. K. Srinivasan, 
L. Devi, S. S. Pulugurtha, & T. V. Mathew (Eds.), 2nd 
Conference of Transportation Research Group of India (Vol. 
104, pp. 1088–1094). https:// doi. org/ 10. 1016/ j. sbspro. 2013. 
11. 204
Gordon- Salant, S. (2005). Hearing loss and aging: New research 
findings and clinical implications. The Journal of Rehabilitation 
Research and Development, 42, 9. https:// doi. org/ 10. 1682/ JRRD. 
2005. 01. 0006
Granié, M.-A., Pannetier, M., & Guého, L. (2013). Developing a self- 
reporting method to measure pedestrian behaviors at all ages. 
Accident Analysis & Prevention, 50, 830–839. https:// doi. org/ 10. 
1016/ j. aap. 2012. 07. 009
Haegerstrom- Portnoy, G., Schneck, M. E., & Brabyn, J. A. (1999). 
Seeing into old age: Vision function beyond acuity. Optometry 
and Vision Science, 76, 141–158. https:// doi. org/ 10. 1097/ 
00006324- 199903000- 00014
Hakim, A. A., Curb, J. D., Petrovitch, H., Rodriguez, B. L., Yano, K., 
Ross, G. W., White, L. R., & Abbott, R. D. (1999). Effects of 
walking on coronary heart disease in elderly men: The Honolulu 
heart program. Circulation, 100, 9–13. https:// doi. org/ 10. 1161/ 
01. cir. 100. 1.9
Harrell, W. A., & Bereska, T. (1992). Gap acceptance by pedestrians. 
Perceptual and Motor Skills, 75, 432–434. https:// doi. org/ 10. 
2466/ pms. 1992. 75. 2. 432
Holland, C., & Hill, R. (2007). The effect of age, gender and driver 
status on pedestrians’ intentions to cross the road in risky 
situations. Accident Analysis & Prevention, 39, 224–237. https:// 
doi. org/ 10. 1016/ j. aap. 2006. 07. 003
Holland, C., & Hill, R. (2010). Gender differences in factors 
predicting unsafe crossing decisions in adult pedestrians across 
the lifespan: A simulation study. Accident Analysis & Prevention, 
42, 1097–1106. https:// doi. org/ 10. 1016/ j. aap. 2009. 12. 023
Holland, C. A., Hill, R., & Cooke, R. (2009). Understanding the 
role of self- identity in habitual risky behaviours: Pedestrian 
road- crossing decisions across the lifespan. Health Education 
Research, 24, 674–685. https:// doi. org/ 10. 1093/ her/ cyp003
Hoxie, R. E., & Rubenstein, L. Z. (1994). Are older pedestrians 
allowed enough time to cross intersections safely? Journal of 
the American Geriatrics Society, 42, 241–244. https:// doi. org/ 10. 
1111/ j. 1532- 5415. 1994. tb01745.x
Islam, S., & Hossain, A. B. (2015). Comparative analysis of injury 
severity resulting from pedestrian–motor vehicle and bicycle–
motor vehicle crashes on roadways in Alabama. Transportation 
Research Record: Journal of the Transportation Research Board, 
2514, 79–87. https:// doi. org/ 10. 3141/ 2514- 09
Jäger, M., Nyffeler, T., Müri, R., Mosimann, U. P., & Nef, T. (2015). 
Adapting a driving simulator to study pedestrians' street- crossing 
decisions: A feasibility study. Assistive Technology, 27, 1–8. 
https:// doi. org/ 10. 1080/ 10400435. 2014. 929193
Karsch, H. M., Hedlund, J. H., Tison, J., & Leaf, W. A. (2012). 
Review of Studies on Pedestrian and Bicyclist Safety, 1991-2007. 
(Report No. DOT HS 811 614).
Kim, S., & Ulfarsson, G. F. (2019). Traffic safety in an aging society: 
Analysis of older pedestrian crashes. Journal of Transportation 
Safety & Security, 11, 323–332. https:// doi. org/ 10. 1080/ 
19439962. 2018. 1430087
Klein, R. (1991). Age- related eye disease, visual impairment, and 
driving in the elderly. Human Factors, 33, 521–525. https:// doi. 
org/ 10. 1177/ 001872089103300504
Kong, P. W., & Chua, Y. K. (2014). Start- up time and walking speed 
in older adults under loaded conditions during simulated road 
crossing. Experimental Aging Research, 40, 589–598. https:// doi. 
org/ 10. 1080/ 0361073X. 2014. 956630
Kubota, A., Matsushita, M., Arao, T., Merom, D., Cerin, E., & 
Sugiyama, T. (2020). A community- wide walking promotion 
using maps and events for Japanese older adults. Journal 
of Aging and Health, 32, 735–743. https:// doi. org/ 10. 1177/ 
0898264319848868
Langlois, J. A., Keyl, P. M., Guralnik, J. M., Foley, D. J., 
Marottoli, R. A., & Wallace, R. B. (1997). Characteristics of older 
pedestrians who have difficulty crossing the street. American 
Journal of Public Health, 87, 393–397. https:// doi. org/ 10. 2105/ 
AJPH. 87. 3. 393
Lobjois, R., Benguigui, N., & Cavallo, V. (2013). The effects of age 
and traffic density on street- crossing behavior. Accident Analysis 
& Prevention, 53, 166–175. https:// doi. org/ 10. 1016/ j. aap. 2012. 
12. 028
Lord, S., Cloutier, M.-S., Garnier, B., & Christoforou, Z. (2018). 
Crossing road intersections in old age—With or without risks? 
Perceptions of risk and crossing behaviours among the elderly. 
Transportation Research Part F: Traffic Psychology and 
Behaviour, 55, 282–296. https:// doi. org/ 10. 1016/ j. trf. 2018. 03. 
005
Maki, B. E. (1997). Gait changes in older adults: Predictors of falls or 
indicators of fear. Journal of the American Geriatrics Society, 45, 
313–320. https:// doi. org/ 10. 1111/ j. 1532- 5415. 1997. tb00946.x
Manson, J. E., Greenland, P., LaCroix, A. Z., 
Stefanick, M. L., Mouton, C. P., Oberman, A., Perri, M. G., 
Sheps, D. S., Pettinger, M. B., & Siscovick, D. S. (2002). Walking 
compared with vigorous exercise for the prevention of 
cardiovascular events in women. New England Journal 
of Medicine, 347, 716–725. https:// doi. org/ 10. 1056/ 
NEJMoa021067
Marisamynathan, S., & Vedagiri, P. (2015). A statistical analysis 
of pedestrian behaviour at signalized intersections. European 
Transport \ Trasporti Europei, 57, 1–18.
Montufar, J., Arango, J., Porter, M., & Nakagawa, S. (2002). 
Pedestrians’ normal walking speed and speed when crossing a 
street. Transportation research record, 2007, 90–97. https:// doi. 
org/ doi
Moscovitch, M., & Winocur, G. (1995). Frontal lobes, memory, 
and ageing. Annals of the New York Academy of Sciences, 15, 
769119–769150.
Naser, M. M., Zulkiple, A., Al Bargi, W. A., Khalifa, N. A., & 
Daniel, B. D. (2017). Modeling pedestrian gap crossing index 
under mixed traffic condition. Journal of Safety Research, 63, 
91–98. https:// doi. org/ 10. 1016/ j. jsr. 2017. 08. 005
Naveteur, J., Delzenne, J., Sockeel, P., Watelain, E., & 
Dupuy, M. A. (2013). Crosswalk time estimation and time 
perception: An experimental study among older female pedestrians. 
Accident Analysis & Prevention, 60, 42–49. https:// doi. org/ 10. 
1016/ j. aap. 2013. 08. 014
Neider, M. B., Gaspar, J. G., McCarley, J. S., Crowell, J. A., 
Kaczmarski, H., & Kramer, A. F. (2011). Walking and talking: 
Dual- task effects on street crossing behavior in older adults. 
Psychology and Aging, 26, 260–268. https:// doi. org/ 10. 1037/ 
a0021566
Newell, K. M. (1986). Constraints on the development of 
coordination. In M. G. Wade & H. T. A. Whiting (Eds.), Motor 
development in children: Aspects of coordination and control 
(pp. 341–361). Nijhoff Publishers.
Pedestrian risk Factors in older adults 23
Niebuhr, T., Junge, M., & Rosén, E. (2016). Pedestrian injury risk and 
the effect of age. Accident Analysis & Prevention, 86, 121–128. 
https:// doi. org/ 10. 1016/ j. aap. 2015. 10. 026
Office of National Statistics. (2019). Population esimates for the UK, 
England and Wales, Scotlans and Nothern Ireland: mid-2019. 
https://www. ons. gov. uk/ peop lepo pula tion andc ommunity/ popu 
lati onan dmig ration/ populationestimates/ bulletins/ annu almi dyea 
rpop ulat ione stimates/ mid2019estimates# ageing
Oxley, J., Fildes, B., Ihsen, E., Charlton, J., & Day, R. (1997). 
Differences in traffic judgements between young and old adult 
pedestrians. Accident Analysis & Prevention, 29, 839–847. 
https:// doi. org/ 10. 1016/ S0001- 4575( 97) 00053-5
Oxley, J. A., Ihsen, E., Fildes, B. N., Charlton, J. L., & Day, R. H. 
(2005). Crossing roads safely: An experimental study of age 
differences in gap selection by pedestrians. Accident Analysis & 
Prevention, 37, 962–971. https:// doi. org/ 10. 1016/ j. aap. 2005. 04. 
017
Petzoldt, T. (2014). On the relationship between pedestrian gap 
acceptance and time to arrival estimates. Accident Analysis & 
Prevention, 72, 127–133. https:// doi. org/ 10. 1016/ j. aap. 2014. 06. 
019
Rafaely, V., Meyer, J., Zilberman- Sandler, I., & Viener, S. (2006). 
Perception of traffic risks for older and younger adults. Accident 
Analysis & Prevention, 38, 1231–1236. https:// doi. org/ 10. 1016/ 
j. aap. 2006. 05. 012
Ren, G., Zhou, Z., Wang, W., Zhang, Y., & Wang, W. (2011). 
Crossing behaviors of pedestrians at signalized Intersections: 
Observational study and survey in China. Transportation 
Research Record, 2264, 65–73. https:// doi. org/ 10. 3141/ 2264- 08
Rogers, M. W., & Mille, M.-L. (2016). Timing paradox of stepping 
and falls in ageing: not so quick and quick(er) on the trigger. 
The Journal of Physiology, 594, 4537–4547. https:// doi. org/ 10. 
1113/ JP271167
Romero- Ortuno, R., Cogan, L., Cunningham, C. U., & Kenny, R. A. 
(2010). Do older pedestrians have enough time to cross roads in 
Dublin? A critique of the traffic management guidelines based on 
clinical research findings. Age and Ageing, 39, 80–86. https:// doi. 
org/ 10. 1093/ ageing/ afp206
Rosenbloom, T., Mandel, R., Rosner, Y., & Eldror, E. (2015). Hazard 
perception test for pedestrians. Accident Analysis & Prevention, 
79, 160–169. https:// doi. org/ 10. 1016/ j. aap. 2015. 03. 019
Rosenbloom, T., Nemrodov, D., & Barkan, H. (2004). For heaven’s 
sake follow the rules: pedestrians’ behavior in an ultra- orthodox 
and a non- orthodox city. Transportation Research Part F: Traffic 
Psychology and Behaviour, 7, 395–404. https:// doi. org/ 10. 1016/ 
j. trf. 2004. 10. 004
Rosenbloom, T., Sapir- Lavid, Y., & Perlman, A. (2016). Risk factors 
in road crossing among elderly pedestrians and readiness to adopt 
safe behavior in socio- economic comparison. Accident Analysis 
& Prevention, 93, 23–31. https:// doi. org/ 10. 1016/ j. aap. 2016. 04. 
004
Schiff, W., Oldak, R., & Shah, V. (1992). Aging persons’ estimates of 
vehicular motion. Psychology and Aging, 7, 518–525. https:// doi. 
org/ 10. 1037/ 0882- 7974. 7. 4. 518
Schleinitz, K., Petzoldt, T., Krems, J. F., & Gehlert, T. (2016). The 
influence of speed, cyclists’ age, pedaling frequency, and observer 
age on observers’ time to arrival judgments of approaching 
bicycles and e- bikes. Accident Analysis & Prevention, 92, 113–
121. https:// doi. org/ 10. 1016/ j. aap. 2016. 03. 020
Shamsunnahar, Y., Eluru, N., & Ukkusuri, S. V. (2014). Alternative 
ordered response frameworks for examining pedestrian injury 
severity in New York City. Journal of Transportation Safety & 
Security, 6, 275–300.
Snowden, R. J., & Kavanagh, E. (2006). Motion perception in the 
ageing visual system: Minimum motion, motion coherence, and 
speed discrimination thresholds. Perception, 35, 9–24. https:// 
doi. org/ 10. 1068/ p5399
Stafford, J., Whyatt, C., & Craig, C. M. (2019). Age- related 
differences in the perception of gap affordances: Impact of 
standardized action capabilities on road- crossing judgements. 
Accident Analysis & Prevention, 129, 21–29. https:// doi. org/ 10. 
1016/ j. aap. 2019. 05. 001
Trpković, A., Milenković, M., Vujanić, M., Stanić, B., & 
Glavić, D. (2017). The crossing speed of elderly pedestrians. 
Promet- Traffic&Transportation, 29, 175–183. https:// doi. org/ 
10. 7307/ ptt. v29i2. 2101
Vieira, E. R., Lim, H.-H., Brunt, D., Hallal, C. Z., Kinsey, L., 
Errington, L., & Gonçalves, M. (2015). Temporo- spatial gait 
parameters during street crossing conditions: A comparison 
between younger and older adults. Gait & Posture, 41, 510–515. 
https:// doi. org/ 10. 1016/ j. gaitpost. 2014. 12. 001
Walker, J. M., Horton, S. A., Wright, J. M., Chan, S. W., & 
Comvay, L. R. (1987). Walking velocities of older pedestrians 
at controlled crossings. Topics in Geriatric Rehabilitation, 3, 
65–70. https:// doi. org/ 10. 1097/ 00013614- 198710000- 00011
Wang, Y., Haque, M. M., & Chin, H.-C. (2017). Elderly pedestrian 
injuries in Singapore. Journal of Transportation Safety & 
Security, 9, 273–300. https:// doi. org/ 10. 1080/ 19439962. 2016. 
1194353
Webb, E. A., Bell, S., Lacey, R. E., & Abell, J. G. (2017). Crossing 
the road in time: Inequalities in older people’s walking speeds. 
Journal of Transport & Health, 5, 77–83. https:// doi. org/ 10. 
1016/ j. jth. 2017. 02. 009
Wei, C., Yan, X., Shao, C., Sun, J., & Ma, L. (2018). Choice behavior 
of the elderly regarding street- crossing facility. Journal of 
Advanced Transportation, 2018, 1–8. https:// doi. org/ 10. 1155/ 
2018/ 3296285
West, R. L. (1996). An application of prefrontal cortex function 
theory to cognitive aging. Psychological Bulletin, 120, 272–292. 
https:// doi. org/ 10. 1037/ 0033- 2909. 120. 2. 272
World Health Organisation. (2020). Road traffic injuries. https://
www. who. int/ news- room/ fact- sheets/ detail/ road- traffic- injuries
Zhang, C., Zhou, B., Qiu, T. Z., & Liu, S. (2018). Pedestrian crossing 
behaviors at uncontrolled multi- lane mid- block crosswalks in 
developing world. Journal of Safety Research, 64, 145–154. 
https:// doi. org/ 10. 1016/ j. jsr. 2017. 12. 018
Zhang, Z., Wang, D., Liu, T., & Liu, Y. (2016). Waiting endurance 
time of pedestrians crossing at signalized intersections in Beijing. 
Transportation Research Record, 2581, 95–103. https:// doi. org/ 
10. 3141/ 2581- 12
Zito, G. A., Cazzoli, D., Scheffler, L., Jäger, M., Müri, R. M., 
Mosimann, U. P., Nyffeler, T., Mast, F. W., & Nef, T. (2015). 
Street crossing behavior in younger and older pedestrians: An 
eye- and head- tracking study. BMC Geriatrics, 15, 1–10. https:// 
doi. org/ 10. 1186/ s12877- 015- 0175-0
Zivotofsky, A. Z., Eldror, E., Mandel, R., & Rosenbloom, T. (2012). 
Misjudging their own steps: Why elderly people have trouble 
crossing the road. Human Factors, 54, 600–607. https:// doi. org/ 
10. 1177/ 0018720812447945
Kate Wilmut, Oxford Brookes University, PhD 
(Psychology 2004, University of Reading).
Catherine Purcell, Cardiff University, PhD 
(Psychology 2012, Royal Holloway, University of 
London).
Date received: May 14, 2020
Date accepted: December 21, 2020
